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• Blocked or impaired 
passage






• Seasonal thermal regime
• Spatial heterogeneity 
• Downstream effects
• Upstream effects 
• Temperature as “Master 




• Horizontal and vertical 
distribution 
• Behavioral cue during 
migration
• Cessation of migration at high 
temperatures
Caudill et al 2013: http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0085586
www.salmonrecovery.gov
Lower Granite Dam
Lower Granite Dam Forebay Temperature, 2000-2003
Spring-summer 
Chinook Salmon Steelhead (Green=H; Blue=W)
Fall Chinook Salmon (Red)
How do dams alter 1) thermal regime of passage 
environment and 2) behavior of fish? 










• Thermal regime and longitudinal gradient in 
temperatures within fishways
ΔT = temperatureexit – temperaturebase
• Monitor adult passage using radio-telemetry
• Test for association between passage behavior and ΔT
• Temperature archival tags: test for changes in adult 






















































































61 m upstream of fish exit
Date















122 m upstream of fish exit





Dam Spring Chinook Summer Chinook Fall Chinook Steelhead
Lower Granite 15.5 (645) 68.7 (185) 36.7 (147) 22.2 (970)
Little Goose 13.6 (882) 23.3 (176) 11.0 (164) 4.11 (1191)
L. Monumental 9.87 (598) 20.3 (182) 29.0 (124) 13.4 (988)
Ice Harbor 8.33 (1032) 23.4 (214) 16.6 (223) 10.8 (1375)
McNary 13.8 (1675) 26.7 (1080) 7.26 (1130) 9.82 (1772)
Percent of passage events when ladder ∆T was ≥ 1.0 ˚C.  
Total sample sizes are given parenthetically  
Values > 20% in Red

N.S.
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P = 0.0034 P = 0.0022 P < 0.0001
P < 0.0001
P = 0.0021 P = 0.3424 P < 0.0001
P = 0.0101
P = 0.0002 P = 0.4168 P = 0.0090
“Overnighting”
Same Calendar Day
One or More Days Later

Summary
• Thermal layering in reservoirs and forebay 
configuration create temperature differences in 
fishways
• Upstream inputs (Dworshak effect)
• Heating in reservoir
• Reservoir circulation, bathymetry, dam configuration
• Substantial proportions of adult migrants 
encountered thermal gradients
• Slowed passage and increased body temperature
• Why does it matter?
• Carry-over/delayed effects
• Common in other systems? Total thermal blockage?
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Snake River Sockeye Salmon 2013
• ESA Endangered






90% of unsuccessful 
fish experienced 
above-optimal, near-
lethal water temps 
(21-24°C)
Seton River sockeye salmon
Burnett et al. in press




Kareiva, P. M. (2012). "Dam choices: Analyses for multiple needs." Proceedings of the National 
Academy of Sciences of the United States of America 109(15): 5553-5554.
The Return of the Dam Builders
http://nationalatlas.gov/articles/people/a_energy.html

































































































Ladder Temperature Difference (deg C)
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